California Energy Commission
DOCKETED
12-AFC-02
From: Stephen O'Kane [stephen.okane@AES.com]
Sent: Friday, December 07, 2012 4:34 PM TN # 68850
To: Chris Perri
Cc: Robert.Mason@CH2M.com; McKinsey, John A.; Foster, Melissa A.; DEC. 11 2012
Jerry.Salamy@CH2M.com; Miller, Felicia@Energy; Jiang, Tao@Energy; Bemis,
Gerry@Energy
Subject: HBEP start/stop emissions and GHG performance
Attachments: SCAQMD response letter 12-07-2012.pdf
Chris,

In response to your questions regarding detail on the estimated start/stop emissions for the Huntington Beach Energy
Project turbines and the assumptions that went in to our calculation of GHG emissions per MW-hr, please see the
attached letter and accompanying data. If you require further information or explanation for any of our assertions please
don't hesitate to ask.

Thanks

Per: Stephen O'Kane
Permitting and Regulatory Approvals, Southland Repower Team

e AES Southland
‘ AE S 690 N. Studebaker Rd. | Long Beach, CA | 50803
Direct: 562-493-7840 | Cell: 562-508-0962 | Fax: 562-493-7737
the power of beng miod. - Stephen okane@aes.com | www.aes.com

This communication is for use by the intended recipient and contains information that may be privileged,
confidential or copyrighted under law. If you are not the intended recipient, you are hereby formally notified
that any use, copying or distribution of this e-Mail, in whole or in part, is strictly prohibited. Please notify the
sender by return e-Mail and delete this e-Mail from your system. Unless explicitly and conspicuously stated in
the subject matter of the above e-Mail, this e-Mail does not constitute a contract offer, a contract amendment, or
an acceptance of a contract offer. This e-Mail does not constitute consent to the use of sender's contact
information for direct marketing purposes or for transfers of data to third parties.
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Table DR6-2 Calculated Turbine Start Up Emissions

GT Load gg, co voc NOx CO VOC NOx
Cubic mvd mvd mvd .

Percent ocimin Uncomected  Uncomected  Uncomected  'D/min  Ibimin  lbimin
70 500,148 103 0.2 9.3 038 0004 06
6043 472154 10.4 10 9.3 038 002 05
8616  472.776 46.8 20 9.0 16 004 05
6342 473,308 95.9 9.6 8.8 34 02 05
6342 473,308 182.3 9.6 33.6 84 02 19
8178 473,308 301.0 19.8 33.9 105 04 19
80.60 474020 417.2 27.8 33.4 1486 06 19
552 474643 045.3 180.5 32.7 331 36 19
4963 475887  1,558.0 307.8 32.6 547 62 19
305 477753 26014 804.0 30.7 849 1862 18
305 477753 204.4 204.4 30.7 72 41 18
3505 478,375 619.6 2725 28.4 219 55 18
3283 478,375 752.4 303.4 27.3 266 61 16
3063  478.007 880.4 300.0 26.2 311 63 15
2733 479619  1,0265 32855 24.6 383 67 14
21.81 480241  1.200.8 478.4 220 426 97 13
1627 481485 15127 691.5 19.4 53.7 144 14
1518 481485  1.681.4 840.7 189 50.7 174 14
1518  481.485 168.1 84.1 18.9 80 17 14
1087 482,107 564.4 225.8 16.9 201 48 10
562 483352 805.1 322.0 145 287 66 08
0-5 - - _ _ 42 082 044

Using the duration of each load rate change from Table DR6-1 and an average of the pound per
minute emission rates for the curmrent period and previous period, we calculated the emissions for
each time period during the start up, which are presented in Table DR6-3. As an example, for the
change in load rate between 69.43 and 70 percent load, we averaged the 0.38 and 0.36 Ib CO/min
and multiplied by the time it took the turbine to transition between these two load rates (9.0 — 8.58

minutes).
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Table DR6-3 Turbine Start Up Emissions Per Minute

Time GT Load co vocC NOx co vocC NOx
Minute Percent Ib/min Ib/min ib/min Ibs Ibs Ibs
9 70 0.38 0.004 0.56 0.16 0.01 0.23
8.58 69.43 0.36 0.02 0.53 0.18 0.01 0.09
84 66.16 1.63 0.04 0.51 0.37 0.02 0.08
8.25 63.42 3.35 0.19 0.50 - - -
8.25 63.42 6.37 0.19 1.93 0.76 0.03 0.17
8.16 61.78 10.52 0.40 1.94 0.75 0.03 0.12
8.1 60.69 14.59 0.56 1.92 7.39 0.65 0.59
7.79 §5.2 33.11 3.62 1.88 13.61 1.52 0.58
7.48 49.63 54.71 6.19 1.88 41.89 6.28 1.02
6.92 395 94.88 16.23 1.78 - - -
6.92 395 7.21 413 1.78 3.63 1.20 043
6.67 35.05 21.87 5.51 1.65 291 0.70 0.19
6.55 32.83 26.56 6.13 1.58 3.75 0.81 0.20
6.42 30.63 31.12 6.26 1.62 6.07 1.16 0.27
6.24 27.33 36.33 6.66 143 12.23 254 0.42
5.93 21.81 42.55 9.7 1.28 14.93 3.69 0.37
5.62 16.27 53.75 14.07 1.14 3.40 0.94 0.07
5.56 15.18 59.74 1711 1.10 - - -
5.56 15.18 5.97 1.711 1.10 3.13 0.76 0.25
5.32 10.87 20.08 4.680 0.99 7.08 1.62 0.27
5.03 5.62 28.71 6.58 0.85 0.75 0.1 0.02
5 0.51 4.2 0.82 0.44 21.0 4.1 2.20
Totals 144 26.2 7.6

MPSA provided a similar set of data for the shutdown period, presented in Table DR6-4. Using the
same methodology as applied to the start up emissions, we calculated the shutdown emissions as
presented in Table DR6-5.
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Table DR6-4 Mitsubishi Power Systems America 501DA Shutdown Emissions

Time fro GT Exhaust D
GT Igl‘litl::l Load Flow NOx co voc Dryo2 E(g=

Minute Percent torrrl‘seltl?:ur pPMm@15%02 ppm@15%02 ppm@15%02 Vol % %3%";

0 70 1,043.1 9 10 0.2 14.79 759,000
0.21 66.16 1,042.3 9 50 2 16.03 760,000
0.39 63.42 1,041.7 9 100 10 15.24 761,000
0.39 63.42 1,041.7 35 200 10 1524 761,000
0.49 61.78 1,041.1 36 350 22 1535 761,000
0.57 60.69 1,041.1 36 450 30 16.43 762,000
0.92 55.2 1,039.9 38 1,100 215 1583 763,000
1.28 49.63 1,038.7 4 2,000 400 16.21 765,000
1.94 39.5 1,036.7 45 4,000 1,200 16.88 768,000
1.94 39.5 1,036.7 45 300 300 16.88 768,000
223 35.05 1,035.8 45 1,000 433 1717 769,000
2.38 32.83 1,035.3 45 1,250 5§00 17.32 769,000
2.52 30.863 1,034.9 45 1,600 540 17.46 770,000
273 27.33 1,034.2 45 1,875 600 17.67 771,000
3.09 21.81 1,033.1 45 2,500 1,000 18.02 772,000
345 16.27 1,032.1 45 3,500 1,600 18.35 774,000
3.52 15.18 1,031.9 45 4,000 2,000 1842 774,000
3.52 15.18 1,031.9 45 400 200 1842 774,000
3.8 10.87 1,031 45 1,500 600 18.68 775,000
414 5.62 1,030 45 2,500 1,000 19 777,000
448 0.51 1,029 45 3,500 1,600 19.32 778,000
451 0 1,028.9 45 1,000 400 19.35 778,000
451 0 1,028.9 45 1,000 400 19.35 778,000
9.51 0 1,028.9 45 1,000 400 19.3§ 778,000
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Table DR6-5 Turbine Shutdown Emissions Per Minute
Time GT Load co voC NOx CO vocC NOx

Minute  Percent Ib/min Ib/min  Ib/min Ibs Ibs Ibs
0 69.43 0.36 0.02 0.53 0.1 0.004 0.1
0.21 66.16 1.74 0.04 0.51 0.2 0.01 0.1
0.39 63.42 3.35 0.19 0.50 0.5 0.02 0.1
0.39 63.42 6.70 0.19 1.93 - - -
0.49 61.78 11.60 0.41 194 0.9 0.03 0.2
0.57 60.69 14.59 0.56 1.92 1 0.04 0.2
0.92 55.2 33.11 3N 1.88 8.3 0.75 0.7
1.28 4963 55.83 6.40 1.88 16 1.82 0.7
1.94 39.5 96.08 16.51 1.78 50.1 7.56 1.2
1.94 39.5 7.21 413 1.78 - - -
2.23 35.05 22.32 5.53 1.65 4.3 14 0.5
2.38 32.83 26.77 6.13 1.58 37 0.88 0.2
2.52 30.63 3297 6.37 1.52 42 0.88 0.2
273 27.33 36.33 6.68 143 73 1.37 0.3
3.09 21.81 43.25 9.91 1.28 14.3 298 0.5
3.45 16.27 53.75 14.07 1.14 175 432 0.4
3.52 15.18 59.74 17.11 1.10 4 1.09 0.1
3.52 15.18 5.97 1.7 1.10 - - -
38 10.87 20.08 4.60 0.99 36 0.88 0.3
414 5.62 28.71 6.58 0.85 8.3 19 0.3
448 0.51 33.47 8.76 0.71 10.6 261 0.3
4.51 0 9.38 215 0.69 0.6 0.16 0
451 0 9.38 2.15 0.69 - - -
9.51 0 9.38 2.15 0.69 46.9 10.7 35
Totals 202.4 39.4 9.7

Considering the inherent difficulties in quantifying air emissions during a transient event like a turbine
start up or shutdown, the calculated start up and shutdown emissions presented in Tables DR6-3
and DR6-5 compare reasonably well with the expected start up and shutdown emissions provided by
the turbine manufacturer.

SCAQMD-DR7: | noticed that the GHG emissions were calculated to be 1,082 Ibs CO2/MW-hr
(page 3-25). Could you provide (or point to where in the document) the detailed calculations to
support this number?

Response: Table DR7-1 presents the heat rate and electrical production rates for the HBEP at
various operating levels at an ambient temperature of 71 °F and the expected operating hours with
one, two, and three turbines of each power block operating (referred to as states 1, 2, and 3). Table
DR7-2 presents an estimate of the heat rate during start up and shutdown events and is based on
MPSA provided estimates of electrical production and fuel consumption. Table DR7-3 presents the
GHG efficiency for the HBEP, including start up and shutdowns and an assumed efficiency






Table DR?-1 HBEP Hest Rate Estimate

HBEP Expected Annual Avarage Operating Proflls at sn Ambient Alr Yemperaturs of 71 F*

Expected Annual Hours
Blocks 1 and2 Hours/year 250 3200 1460 4910
Net Plant Power kW 233954 261500 288570 322300 407140 482162 537404 591440 65891B 735826 726433 735836 807312 886132 984530
Estimated Gross Hext Rate, LHV BtufkW-hr 7730 7562 7439 7351 7740 _7501 7359 7259 7191 7453 7467 7451 7348 T267 17
State 1 State 2 State 3
Aversge Averzge Averuge
Aversge Kw 302633 Satel 7564 _Average kw 601150 Satez 7353 Averagokw 520062 - Stuta3 750
HBEP Performance for 1 Power Block
Net Plant Power kw 116977 130750 144285 161150 203570 241081 268702 295720 329459 367913 363249 367918 403656 443086 492265
Net Heat Rate, LWV? Btu/kW-hr 79689 7736 7669 7578 8N 7733 7587 7484 7413 7683 7688 7681 7575 7492 7440
Estimated Gross Heat Rate, LHV Btu/kW-hr 7730 7562 7439 7351 7740 7501 7359 7259 7191 7453 7457 7451 7348 7267 7217

1. Operating data from TFLINK 71F Part Load Curve.ads.
2. Station loads ranging from 3.3 to 5.7% and selecting a conservatively low load results in a conservatively high gross heat rate, for estimating annua! average CO2. Therefore, a 3% station load was selected to convert the grass hest rates to net



Table DR7-2 HBEP Start Up/Shutdown Heat Rate Estimate

7776 Btu LHV/kWh
1.1 Btu HHV / Btu LHV
53.02 kg CO2 / MMBtu HHV
2.205 Ib/kg
1000 kWh / MWh
1.00E-06 MMBtu / Btu

1,000.00 IbCO2 / MWh

Calculate Effective Heat Rates from SU / SD Data:

2300 [b natural gas / startup 2.6 gross MWh / startup

0.02065 MMBtu LHV / Ib
47.495 MMBtu LHV / startup

18267 8tu LHV / kWh during startups

400 ib naturai gas / stop 0.5 gross MWh / stop

0.02065 MMBtu LHV / Ib
8.26 MMBtu LHV / stop

16520 Btu LHV / kWh during stops
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Table DR7-3 HBEP Calculate Annual Average CO2 (Ib/MWh)

Annual Average - assume all hours for each State are at the average of data points provided for heat rate for that
State

Start Up and Stop Heat Rate Calculations

624 startups / yr
9 min / startup
93.6 hours startup / year

18267 Btu/ gross kWh Effective Heat Rate during Turbine Start

624 stops / yr
9.5 min / stop
98.8 hours stops / year

16520 Btu/kWh Gross Effective Heat Rate during Turbine Stops
Plant CO2 Efficlency Calculation
7740 Btu LHV / kWh Gross Weighted Annual Average Heat Rate with SU/SD and no Degradation.

8% Assumed Plant Degradation

8413 Btu LHV / kWh Gross Annual Average CO2 Efficiency with SU/SD and Degradation

1082 Ib CO2 /MWh Gross Annual Average CO2 Efficiency with SU/SD and Degradation




